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1
PULSING SOLENOID IMPROVEMENTw

BACKGROUND OF THE INVENTION

T]‘IIS 1nventlen relates fuel control systems for auto-—

A3 14“536 '

-moblle engines and more partlcularly to an lmprove-_ o

ment in a solenoid used in such a system |
 With the need to control automobile englne Opera-
| tions so to improve fuel ‘economy, reduce emissions and

still aehleve good: drweablhty, various schemes have

 been developed to control the air-to- fuel ratio of the

Jeets and features w:ll be in part apparent and in part~
pelnted hereinafter. - | |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of a control
system for an internal combustion englne |
FI1G. .2 1s a side elevational view, in section, ef a

“carburetor 1111stratmg the 1mpr0vement of . the present.

. mventlon

10 -

'FIG. 3is a front elevattonal view of an lsolator pad of

- the present invention; .

mixture produced in a earburetor and supplled to an

vary the pressure in a fuel cu'cutt of the oarburetor By
‘controlling the quantity of aux111ary air b]ed into a fuel
circuit the quantity of fuel supplied to a air passage of -
“the carburetor. can be controlled and hence the ratio of.

the resultant mixture. Control of the air bleed has typi-

_eally been accempllshed using a. pulsed solenoid.

- ‘engine. Many such schemes use an auxiliary air bleed to -

Since most carburetors utilize two separate fuel cir- -

“cuits; one for high speed éngine. operation and the other

_fer_low”or idle speed operation, systems previously
~employed have used two separate solenoids, each con-

‘trolling an air bleed to each separate fuel circuit. This is:

because’ the two fuel circuits are subjected to- vastly

- different.vacuum signals; the high speed circuit being . -

subjected to a signal measured in inches of water (H20)

and the low speed circuit being subjected to a signal
30

‘measured in inches:of mercury (Hq). Were one solenoid

25

used to control air bleed to both systems, the idle speed:
circuit would create 'a sllght depression in the air bleed

- 'Pﬂth for the high speed circuit and the resultant air-fuel
_mixture produced with the high speed circuit would be’

- richer than it should be. At the same time however, the

capability ‘of using only one solenoid to control both

- bleeds would produce economies of cost, s1mp11f'y Cir-
: -eultry and overall- reduee system eomplemty -

SUMMARY OF THE INVENTION

Ameng the objects of the present invention may be

FIG. 4 is a side e]evatlonal view in section of a por-

t1on.of a solenoid further illustrating the improvement
- of the present invention; -
15

FI1G. 5 1s a front elevatlon view of the seleno:d of
FIG 4; - |

FIG. 6 is.a 31de elevational wew, n . sectlon of a

second embodiment of the 1mpro'vernent of the present
~invention;.and | |

200
for understanding the operation of a control system
'_Wlth the improvement. of the present invention.

FIG.7isa. graph of air/fuel ratio versus air flow used

- Corresponding .reference characters indicate corre-
spendmg parts threughout the several views: of the

drawings.

- DESCRIPTION OF A PREFERRED
- EMBODIMENT

Referrlng to the. drawmgs, a control system for an
internal combustion engine E is generally indicated 1 in
FIG. 1. Engine E has'a carburetor C mounted thereon
and control system 1 is designed to control to the air-to-
fuel ratio of the mixture produced in the carburetor and

- combusted 1n the engine. For this purpose, the control
system mncludes a oxygen sensor S located in an exhaust

system ‘ES. of the engine. Sensor S senses the oxygen

.content-in the engine exhaust and generates an electrical

- signal representative of this content. The signal is sup- -

40

noted the improvement in a pulsing solenoid used ‘in a’
- fuel control system for an mternal combustion engme*

- the provision of such an lmprovement Wthh permits a , .
45
-single solenoid to control the reSpectwe air bleed paths )

“to both the hlgh and low. speed fuel circuits of a carbu-
| _reter the provision of such an 1mpr0vement which

. permlts such control without one air bleed path 1nterfer— |

: ing with the other air bleed path and the provision of
such an lmprovemeat for snnphfy]ng the everall deslgn
of the control system. S

~ Basically, the lmprovement of the present 1nvent10n o

" 'eomprlses air bleed means deﬁnlng a high Speed air-
bleed path and a low speed air bleed path for reSpec-

'tlvely bleedtng air into the hlgh Speed and low. speed -
- fuel circuits of a carburetor This varies the quantity of -

threugh either fue] CerUIt at any. one time. A- solenmd

responsive to a. control signal opens and cleses the air.

plied to an electronic control unit ECU which processes

the signal and generates a control signal supplied over a
-~ line CL to an electromechanical control device EMD.
‘The net result obtained with control system 1 is better
'-management the air- fael ratlo and the reduetlon of

engine emissions. . -
Referrmg to FIG. 2, carburetor C IS shown to have
an air. passage AP with a choke valve CV at its inlet, a

“throttle valve TV near its.outlet and a stacked venture

~section generally indicated V intermediate the length of

50

the air passage. A fuel bowl FB serves as a reservoir of
fuel supplied to air passage AP through either of two
fuel circuits. The first of these is a high speed fuel circuit

 indicated geaerally HS..Fuel is delivered through this

circuit-when engine E is operating at.an rpm level some-

) what hlgher than its idle level. The second of the fuel

55

circuits is a'low speed fuel circuit generally indicated

LS. Fuel is delivered through the circuit when engine E -

 fuel delwered t0 an air passage of the carburetor

- bleed means to control the quantity of air bled into the -

~ high speed and low speed fuel circuits. The 50161101(1-&; ' an air bleed means 3 defining a high speed air bleed path
~ includes isolation means for 1solat1ng the hlgh speed air ©
~ bleed path from the low' speed air bleed path to prevent
- cross flow of air from one air bleed path to the other..

~ Cross flow of air between the paths adversely affects

 the degree of control over the delivery of fuel through

65

.j,the hlgh speed and low Speed fuel cu*emts Other ob- -

_is at .idle or no load conditions.. Operation of both the

high-and low speed circuits to deliver fuel from fuel

" bowl FB to air passage AP is well known in the earbu- '
0 .

reter art and.will not be described in detail..
- The. Imprevement of the present invention comprlses B

5 for bleeding auxiliary air drawn nto carburetor C to
.. high speed fuel circuit HS and a. low speed air bleed
path 7 for. bleedmg air to low . speed fuel circuit LS.
- Means 3 includes an auxiliary air intake passage 9 whose |

inlet is adjacent the inlet of air passage AP. Passage 9

“has a vertical section 11 leading to a horlzonta_l section
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13. Air flowing through passage 9 enters a solenoid unit
15 whose construction and Operation 1s described here-
inafter. From solenoid unit 15, air bleed path 5 includes
a horizontal section 17 and a downwardly section 19
whose outlet opens into the high. speed circuit at an

anti-percolation well 21. Similarly, air bleed 7 includes

a first horizontal section 23, a vertical section 25, and a
second horizontal section 27 whose outlet opens into a
vertical section of low speed circuit LS at a point some-
what above throttle valve TV. Air introduced into
either fuel circuit via its ‘respective air bleed path
changes the pressure or vacuum signal to which the fuel
circuit 1s subjected. This, in turn, effects the quantity of
fuel drawn through the fuel circuit and thus the air-fuel
ratio of the resultant mixture produced in air passage
AP. As shown in FIG. 4, two separate intake passages
9 are provided, each separate passage forming a portion
of air bleed path S or air bleed path 7. Solenoid 15 is
responsive to the control signal appled to live CL to
open and close air bleed paths 5 and 7 and thus control
the quantity of air bleed into the high speed and low
speed fuel circuits. Unlike previous control systems,
only one solenoid 15 s used with carburetor C to con-
trol flow of bleed air to the fuel circuits. Since the bleed
paths for both fuel circuits are routed to and from the
solenoid, the solenoid includes an isolation means 29 for
separating onebleed path from the other.

- As shown in FIGS. 2 and 4, air bleed means 3 in-
cludes two adjacent air flow chambers, 31 and 33 re-
spectively, defined or formed in the body of solenoid
15. Bleed air flowing through path § is directed to
chamber 31 while bleed air flowing through path 7 is
directed to chamber 33. Each chamber has an inlet, 35
and 37 respectively, and an outlet, 39 and 41 respec-
tively. Outlets 39 and 41 are formed in 2a common wall
43 and are spatially separated from each other. Outlet
39 forms the inlet to passage 17 of air bleed path S while
outlet 41 forms the inlet to passage 23 of air bleed path
7.
| Solenoid 15 has a movable armature 45 and isolation

means 29 comprises an isolation pad 47 attached to the
forward end of the armature for movement therewith.
- The pad is thus movable relative to the outlets of the
flow chambers. As shown in FIG. 3, pad 47 has central
circular section 49 in which is formed a circular cavity
51 s1zed to accomodate the end of armature 45 so the

- pad may be attached to the armature. The pad further

has two opposed sealing pads, 53 and 55, respectively.
The sealing pads are also circular in shape and their
diameter such that when armature 41 is at its forward-
most position, as shown in FIG. 4, the seallng pads
completely block outlets 39 and 41 so no bleed air enters
respective passages 17 and 23 of air bleed paths 5 and 7.

An arm 57 projects forwardly from the front face of
pad section 49. A cavity 59 is formed in wall 43 between
outlets 39 and 41 and arm 57 extends or is received in
this cavity. As shown in the drawings, the length of arm
57 1s such that it is maintained in cavity 59 even when
armature 45 is at its further retracted positon. Referring
to FIG. 6, arm 57 extends completely across cavity 59.

As a consequence of the above arm 57 acts as an
isolation wall completely separating flow chamber 31
from flow chamber 33. Thus, bleed air entering one of
the chambers cannot be drawn to the other chamber
and effect the resultant pressure signal change produced
on the appropriate fuel circuit by the air flowing
through its associated air bleed path. At the same time,
the solenoid is effective to control bleed air drawn into
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both bleed paths and thus provide the desired control
over air-fuel mixture which control system is designed
to effect.

Reterring to FIG. 7, the curves shown in the graph

represent the total fuel flow through carburetor C. The
dotted line shown on the lower graph indicates what

happens if there i1s no isolation between the air bleed
circuits. As throttle valve TV opens, there is a transition
range during which fuel delivery from fuel bowl FB to
air passage AP changes over from low speed fuel circuit
LS to high speed fuel circuit HS. Because the pressure
signal on the low speed circuit is greater than that on
the high speed circuit, bleed air flowing in air bleed path
S would be drawn off to air bleed path 7. As a result,
neither fuel circuit would be subjected to the amount of
correction determined by the electronic circuitry pro-
cessing the signal from sensor S, and the air-fuel ratio in
the i1dle speed circuit would be richer than intended.
This is indicated by the upward bulge in the lower
curve (the dashed line). By completely isolating the two
bleed paths as isolation means 29 of the present inven-
tion does, the above described condition cannot occur.
As a result, the proper of amount of correction is
achieved in both fuel circuits throughout the range of
atr flow conditions. Thus, the capability needed to con-
trol air-fuel ratio is obtained with only one solenoid 15
instead of two solenoids as were used in the past. This
provides cost savings, and greatly simplifies the system
needed to achieve the proper control.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advanta—-
geous results obtained.

As various changes could be made in the above con-
structions without departing from the scope of the in-
vention, it 1s intended that all matter contained in the
above description. and shown in the 'accompanying
drawings shall be interpreted as 111ustrat1ve and not m a
limiting sense. |

What 1s claimed 1s:

1. In a control system for an internal combustion
engine, the engine having a carburetor mounted thereon
for producing an air-fuel mixture combusted in the en-
gine, the carburetor having at least one air passage
therethrough, a source of fuel, and high and low speed
fuel circuits by which fuel is delivered from.the source
to the air passage to mix with air to form the mixture
combusted, the system including a sensor for sensing a
component of the products of combustion and for pro-
ducing an electrical signal representative thereof, an
electronic circuitry for processing the electrical signal
to produce a control signal for controllng the air-fuel
ratio of the mixture produced in the carburetor, the
improvement comprising air bleed means defining a
high speed air bleed path and a low speed air bleed path
for respectively bleeding air into the high speed and low
speed fuel circuits to vary the quantity of fuel delivered
to the air passage through either fuel circuit at any one
time, the air bleed means including means defining two
adjacent air flow chambers in the solenoid, each cham-
ber having an inlet and an outlet so air passing through
one of said chambers is directed to the high speed fuel
circuit while air passing through the other of said cham-
bers is directed to the low speed fuel circuit; a solenoid
having a movable armature and responsive to the con-
trol signal for opening and closing the air bleed means
to control the quantity of air bled into the high speed
and low speed fuel circuits; and, isolation means for
isolating the high speed air bleed path from the low
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"3peed air bleed path to prevent Cross ﬂow of air be-
tween the paths which adversely affects the degree of
_control over fuel delivery through the high and low

speed fuel circuits, the isolating means comprising an

~ ‘isolation pad attached to one end of the armature and
~ separating the two chambers so air entering one of the -

chambers cannot flow into the other chamber the out-

lets of each chamber being in a common wall spatially
“separated from -each other, the wall having a cavity

formed therein between the outlets and extendmg the
length of the chambers and the isolation pad being

- sufficiently large to smultaneously close both outlets
when no signal is supplied to the _so]enmd__and having an

6

".extendmg arm pro_]ectmg lnto the cavity to create an

‘isolation wall between the chambers, the depth of the
cavity and the length of the arm being such that the arm
remains in the cavity even when the pad is drawn away
from the outlets when a signal is supplied to the sole-

- noid whereby a physical barrier is maintained at all

- times between the chambers to isalate the high and low

10

15

- speed air bleed paths from each other.

2. The improvement of claim 1 wherein the isolation
pad includes two sealing pads each of which closes one

--_of the respectwe chamber outlets.
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